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USE  OF  EXOGENOUS  PURINES  AND  PURINE  NUCLEOTIDES  IN  THE  BIOSYNTHESIS 
OF  NUCLEIC  ACIDS  IN  PLAGUE  BACTERIA 


/“Following  ia  the  translation  of  an  article  by  V.  G, 
Kayskly,  Stavropl’  Branch  of  the  All-Union  Scientific- 
Research  Antiplague  Institute  "Mikrob,"  published  in 
the  Russian-language  periodical  Voprosy  Medltsinskoy 
Khlmll  (Froblems  of  Medical  Cherslstry l  1 }  7  I9f 8 , 
pages" 48-53.  It  was  submitted  on  2o  Hay  1966._7 


Various  species  of  live  cells  differ  significantly  in  their 
capacity  for  assimilation  and  inter-oonverslon  of  exogenous  purines 
and  their  derivatives  therefore  the  obtaining  of  data  con¬ 

cerning  the  peculiarities  of  these  processes  in  new  objects  is  of 
definite  interest.  The  study  of  metabolism  of  purines  in  the  plague 
microbe  ia  also  important  because  a  number  of  investigators  4/ 
connect  the  metabolism  of  nitrogenous  bases  in  this  microbe  with 
its  virulence. 

The  purpose  of  the  present  investigation  was  olearing  up  the  , 
cupaelty  of  the  plague  microbe  for  assimilation  and  inter- conversation  . 
of  purines  and  purine  nucleotides  in  the  process  of  biosynthesis  of 
nucleic  adds. 

Methods  of  Investigation 

The  object  of  investigation  was  the  plague,  microbe,  strain  EV, 

line  Nil EG. 

Incubation  was  carried  out  on  "whole"  synthetic  medium  whioh 
was  proposed  by  I.  V.  Domaradskiy  and  V.  A.  Ivanov  /5 7.  however  the 
concentration  of  amino  acids  was  reduced  by  10  times,  which,  as 
special  tests  showed,  did  not  have  a  significant  influence  on  the 
Incorporation  of  label  and  the  accumulation  of  nuolelo  adds  in  the 
first  hours  of  growth. 

Incubation  was  carried  out  at  28°  under  conditions  of  aeration 
with  intensive  shaking.  Seeding  dose  was  1  •  10®  miorobial  oelle 
in  1  ml. 

Incubation  time  was  4  hours.  As  it  was  established  earlier  f€7 , . 
by  this  time  (end  of  the  lag-phase  of  growth)  the  oontent  of  RNA  in 
cells  of  the  plague  mlorobe  was  approximately  doubled  and  the  main 
portion  of  HCJ-4ooNa  label  incorporated  in  the  bacteria  is  revealed 
in  the  nuolelo  acids. 
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The  radioactive  substances  used  were :  HC-^OONa  with  a  specific 
aotivlty  of  43.8  and  48.3  «Gi/g,  8-CI4  adenine  9.4  uP i/g, 

8*-Gi4  gutmine  1.1  /*Ci/g,  end  R-C14  xanthine  16 /kCi/g. 

Radioactive  substances  and  other  additions  were  introduced  1 nto 
the  incubation  medium  in  the  form  of  aqueous  solutions  in  equimolec- 
ular  amounts  (usually  in  the  limits  of  20^ig/ml)« 

Tht  remaining  Machods  of  investigation  (obtaining  of  bacterial 
mass*  Isolation  of  RNA  and  DNA,  separation  of  mononucleotides  of  RNA 
and  nitrogenous  bases  of  DNA,  radioraetry,  etc.)  were  described 
earlier  /o7 . 

Relative  speoific  activity  (RSA)  of  purines  of  freshly  synthe¬ 
sized  RNA  (RSA^)  was  oaloulated  by  the  formula: 


RSAf  s_°.  .  RSA, 

A  c  -  o0 

where  o0  and  c  -  content  of  RNA  in  cells  of  the  plague  niiorobe  in  the 
beginning  and  end  of  inoubation  resp  tlvely. 


Results  of  the  Investigation 

Purines  and  purine  nucleotides  which  were  introduced  into  the 
Inoubation  medium,  with  the  exception  of  guanine,  had  no  significant 
influence  on  the  content  of  nucleic  acids  in  cells  of  tne  plague 
microbe  after  4  hours  of  cultivation.  The  quantity  of  RNA,  which 
comprised  around  4^>  in  the  inoculum,  approximately  doubled  over  this 
time  and  comprised  6.4— »8. 3$,  the  qur itlty  of  DNA  was  relatively 
constant  and  comprised  2— 2*5%  to  the  weight  of  dry  bacteria.  With 
the  addition  of  guanine  the  content  of  nuoleio  acids  was  higher 
(RNA  9,4#,  DNA  2.6#). 

Regardless  of  the  radioactive  substance  used  the  incorporation 
of  label  in  nuoleic  acids  in  all  oases  comprised  55 — 80$  of  all  the 
activity  revealed  In  baoterial  cells#  Of  this  around  lOjfe  was  Incor¬ 
porated  in  DNA. 

Table  1  presents  data  on  the  influence  of  purines  and  purine 
nucleotides  on  the  incorporation  of  HC1400Na  in  bacterial  cells  and 
purines  of  nuolelc  aoids  of  the  plague  microbe.  It  was  established 
earlier  /5 7  on  this  same  objeot  that  incorporation  of  HC1400Na 
characterizes  the  synthesis  of  purines  from  simple  compounds. 

It  is  apparent  from  Table  1  that  incorporation  of  C14  in  cells 
of  bacteria  whloh  were  inoubated  on  a  medium  without  purines  and  their 
derivatives  Is  proportional  to  the  specific  aotivlty  of  the  medium. 
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Table  1 


Influence  of  exogenous  purines  and  puriae  uuclootides  on  the  Incor¬ 
poration  of  HC1400Na.ln  baoterial  cells  and  purines  of  nucleic 
acids  of  the  plague  microbe 


In  this  oase  the  oalouiation  formula  inoludes  the  coefficient  2, 
since  in  the  biosynthesis  of  one  purine  ring  2  raoleoules  of  f ornate 
participate  ^57- 

Key;  (a)  Addition  to  the  medium;  (b)  Specific  activity  of  medium 
(in  AC i/ml);  (c)  Spec  if io  aotivity  of  baoteria  (in  imp/min  •  mg  •  10"3) 
(d)  RSA;  (e)  RNA:  (f)  DNA:  (g)  adenine;  (h)  g\ianine;  (i)  hypoxanthlne 
(J)  xanthine;  (k)  AMP;  (l)  ADP;  (m)  ATF;  (n)  OMP;  (o)  GDP;  (p)  GTP; 

(q)  hypoxanthine ;  (r)  IMP;  (s)  IDP;  ( t )  ITP. 


Exogenous  purines  (adenine,  guanine,  hypoxanthine y  and  xanthine) 
considerably  lower  the  incorporation  of  HCl*OONa  in  bacterial  oells 
of  plague  microbe*  It  is  known  that  the  "screening*1  aotion  of 
exogenous  purines  on  the  de  novo  synthesis  from  labeled  precursors 
can  serve  as  a  sufficiently  reliable  method  for  measurement  of  their 
utilization  £/. 


3. 


As  it  follows  from  Table  1,  the  RSA  values  for  purines  of  RNA 
do  not  exoeed  9.4^.  Since  freshly  synthesized  RNA  in  our  tests 
comprised  approximately  half  of  all  the  RNA,  then  the  quantity  of 
purines,  synthesized  de  novo  with  the  participation  of  HCl^yoiia,  in 
freshly  formed  RNA  comprised  no  more  than  20%,  The  remaining  share 
of  polynucleotide  purines  is  apparently  formed  from  the  intracellular 
background  of  NA  precursors. 

Exogenous  adenine  completely  suppresses  the  synthesis  of  adenine 
from  aimpxe  compounds^  however  the  rsw  growth  of  guanine  continues 
here  even  more  intensively.  The  addition  of  guanine  suppresses  the 
de  novo  synthesis  of  purine  by  more  than  2  times  and  the  synthesis 
of  adenine  from  simple  compounds  is  increased.  These  facts  make  it 
possible  to  assume  that  In  the  microbe  under  study  a  significant 
lnter-oonvcrsion  of  adenine  and  guanine  does  not  take  place. 

Exogenous  hypoxanthine  lowers  the  synthesis  of  both  purines  from 
simple  oompounds  by  more  than  4-5  times.  Apparently  hypoxanthine 
can  be  oonverted  by  the  plague  microbe  into  both  purines  of  nucleic 
acids  at  the  same  time  that  xanthine  whioh  is  added  is  used  primarily 
in  the  synthesis  of  guanine. 

The  action  of  AMP  and  ATP  on  the  distribution  of  label  between 
the  purines  of  nucleic  aoidB  is  analogous  to  the  action  of  adenine, 
but  less  effective.  Exogenous  AMP  suppresses  more  considerably  the 
incorporation  of  adenine  which  is  synthesized  from  simple  oompounds 
in  RNA  adenine,  and  exogenous  ATP  -  in  PNA  adenine*. 


Of  the  remaining  purine  nuoleotides  only  GMP  significantly 
influences  the  incorporation  and  distribution  of  C^’-formate*  The 
data  from  Table  1  permit  the  assumption  that  exogenous  GMP  is  used 
not  only  in  the  synthesis  of  guanine,  bit  also  of  adenine. 


For  confirmation  of  the  positions  stated  above  experiments  were 
oarriod  out  with  radioactive  purine  bases. 


With  the  addition  of  8-C^*-adenine  into  the  inoubation  medium 
all  the  radioactivity,  incorporated  in  the  polynucleotides  of  the 
plague  microbe,  is  revealed  only  in  the  adenine  of  both  nucleic  aolds. 
This  fact  is  direct  proof  that  the  studied  object  cannot  oonvert 
exogenous  adenine  into  guanine  of  polynuoleotides. 


In  Table  2  data  are  given  concerning  the  influenoe  of  exogenous 
purines  and  adenine  nuoleotides  on  the  incorporation  of  8-Ci4-adenine 
in  baoterlal  cells  and  adenine  of  nuoleic  aolds  of  the  plague 
miorobe*  From  Table  2  it  can  be  seen  with  dilution  of  labelled 


adenine  by  2  times  correspondingly  there  is  a  deorease  in  the  spe¬ 
cific  aotivity  of  baoterla  and  adenine  of  nuoleic  acids*  This  faot 
indicates  that  in  oells  of  the  plague  miorobe  there  ia  an  abaenoe  of 
or  extremely  small  background  of  free  adenine* 
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Table  2 

Influence  of  exogenous  purines  and  purine  nucleotides  on  the 
assimilation  of  8-Ci*-adenine  by  the  plague  miorobe 
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Key:  (a)  Addition  to  medium;  (b)Speoiflo  activity  of  bacteria 
(in  imp/min  •  mg  •  10“3):  (c)  RSA  of  adenine;  (d)  of  entire  RNA: 

!  vf  !?Vth9aH?dlxRNA;  <f)  of  ol?tlro  DNA?  (g)  Adenine;  (h)  Ouar.ine; 
(I)  Xanthine;  (J)  Hypoxanthine ;  (k)  AMP;  (1)  ADP;  (m)  ATP. 

Exogenous  guanine,  while  not  exerting  a  «si>  ifioant  influenoe  on 
the  incorporation  of  8-C 14-adenlne  bacteria  and  adenine  of  RNA, 

increases  ita  incorporation  in  adenine  of  DNA,  Of  the  remaining 
additives  only  AMP  and  ATP  significantly  lower  the  incorporation  of 
r.  “&<ien-nQ  in  cells  of  the  plague  microbe  and  adenine  of  RNA. 
here,  just  as  in  the  experiments  with  HG1400Na,  ATP  and  AMP  influenoe 
the  incorporation  of  adenine  in  RNA  and  DNA  in  a  diverse  manner. 

,,  alf?  S1?®8  th®  valu®3  of  RSA  of  adenine  of  newly  syn¬ 

thesized  RNA.  It  follows  from  these  data  that  exogenous  adenine  in 
®xP®rija®nta  la  the  main  source  of  adenine  cf  freshly  synthesised 
RNA.  Thus  exogenous  adenine,  being  incorporated  easily  in  the 

n*n®,  °*  nuolelo  aoids,  almost  completely  suppresses  other  routes 
of  synthesis  of  adenine  of  polynucleotides,  including  the  use  of 
intracellular  background  of  precursors. 

i  *  v.  ®xP®r^m®nts  with  the  addition  of  8-C-^-guanine  it  was  estab¬ 
lished  that  the  latter  la  incorporated  primarily  in  guanine  of  both 
nucleic  aoids.  Thus  the  specific  activity  of  DNA  adenine  is  10.6 
times  lower  than  the  aotlvity  of  DNA  guanine.  It  follows  from  this 
that  the  LY  strain  of  the  plague  miorobe  only  to  an  inalgnif leant 
degree  transforms  exogenous  guan.  no  to  adenine,  preferring  to  syn- 

6. 


thesize  adenine  from  simple  compounds  or  using  the  Intracellular 
background  of  its  precursors. 

Results  of  the  investigation  of  bacterial  cells,  inoubated  in 
the  presence  of  8-C14-xanthine,  confirmed  the  assumption  that 
xanthine  is  used  primarily  in  the  synthesis  of  guanine  (Table  3). 

Table  3 

Influence  of  additives  on  the  assimilation  of  8-0  ^-xanthine  by 
the  plague  microbe 


<s 

iKbrn  •  tftw 


A,  Attcm  ,  , 
A  rywt.K  .  , 

y 

>  *  .  .  . 
.  ,  . 


% 


OKA 


1  AHK 


4% _ , 

— 

i 

4.7 

39, S 

1,06 

9.7 

29,3 

— 

5.9 

4.1 

10, 6 

0.96 

6.0 

_ 

IS, 7 

— 

4.6 

— 

3.7 

— 

3.3 

4,  a 

26,2 

0,93 

7,9 

193 

i&l 

9* 

*7 

4 5.7 
i&a 


RSA 


Imp/min  •  Zcmole  of  purine  of  nucleic 

_ aoids _ _ 

Imp/min  •  y^mole  of  exogenous  C-L4-xanthine 


•  100 


Key:  (a)  Additive  to  medium:  (b)  Specific  activity  of  bacteria 
(in  imp/min  •  mg  •  10_3)j  (c)  RSA;  (d)  RNA;  (e)  DNA;  (f)  adenine; 
(g)  guanine;  (hj  Adenine;  (i)  Ouanine;  (J)  Hypoxanthine;  (k)  GUP; 
(1)  IMP. 


As  it  follows  from  Table  3,  in  adenine  only  10-15#  radioactivity 
of  purines  of  nucleic  aoids  of  the  plague  microbe  is  deteoted.  The 
main  portion  of  guanine  of  freshly  synthesized  nucleic  acid  may  be 
formed  from  exogenous  xanthine.  Adenine,  hypoxanthine,  and  OM? 
introduced  into  the  medium  of  incubation  completely  suppress  the 
incorporation  of  xanthine  in  adenine  of  polynuoleotides.  Exogenous 
guanine,  hypoxanthine,  AND  OMP  signlfioantly  inhibit  the  utilization 
of  xanthine  for  the  synthesis  of  guanine  of  polynucleotides  of  the 
plague  miorobe. 

IMP  did  not  signlfioantly  lower  the  incorporation  both  of 
HCi^ooHa  and  xanthine  in  oells  and  nucleic  acids  of  the  plague  miorobe. 
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Discussion  of  Results 

In  the  event  of  incubation  of  the  plague  microbe  in  a  medium 
which  does  not  contain  purine  baaeB  the  synthesis  of  these  substanoes 
from  simple  compounds  takes  place.  This  is  testified  to  by  the 
incorporation  of  HC^OONa  in  the  composition  of  both  purines  of 
nucleic  acids.  However?  by  the  end  of  the  lag  phase  of  growth  the 
main  source  of  purines  is  the  intracellular  background  of  their 
precursors . 

According  to  the  arrangement  of  B'yukenan  /t7,  free  purine 
bases  arc  not  intermediate  products  from  the  biosynthesis  of  purines 
of  nucleic  acids.  Nevertheless  in  our  experiments.  Just  as  in 
experiments  with  other  objects,  exogenous  purines  are  incorporated 
in  the  purines  of  nucleotides  easily,  suppressing  other  paths  of 
synthesis  of  one  or  both  purines  of  nucleio  acids. 

Exogenous  adenine  in  oells  of  the  plague  microbe  suppresses 
the  conversion  of  hypoxanthine  into  adenine  (or  IMP  into  AMP),  but 
not  the  fonuxtlor.  of  the  common  precursor  of  purines  of  nucleic 
acids,  since  with  the  presence  of  adenine  in  the  medium  the  formation 
of  guanine  from  simple  compounds  and  the  intracellular  background  of 
its  presursors  continues.  This  example  testifies  £o  the  fact  that 
regulation  of  biosynthesis  of  purines  in  the  plague  microbe  is  rea¬ 
lized  bj  means  of  suppression  of  the  reaotion  by  its  end  product 
bused  on  the  }  inciple  of  negative  reverse  bond. 

In  the  object  under  study  differences  were  clearly  apparent  In 
the  utilization  of  exogenous  purine  bases.  For  the  F.V  strain  of  the 
plague  microbe  the  synthesis  of  purines  of  nucleic  acids  de  novo 
turned  out  to  be  preferable,  and  not  the  interconversion  of  adenine 
and  guanine.  The  lack  of  the  ability  on  the  part  of  the  plague 
microbe  for  the  conversion  of  adenine  to  guanine  and  the  weak  con¬ 
version  by  it  of  guanine  to  adenine  are  essential  differences  between 
the  objecc  studied  and  other  microorganisms  studied  £1,  2,  8-lC^. 

Other  authors  arrive  at  the  oonolusion  concerning  the  absence 
In  the  /Lague  microbe  of  the  capacity  to  oxidize  and  deaminate 
purines  £ Il7.  At  the  same  tire  plague  microbe  possesses  the  ability 
to  deaminate  a  number  pyrimidines  and  their  derivatives  £Llt  12/  • 

The  absenoe  of  convex sion  of  exogenous  adenine  to  guanine,  weak 
conversion  of  guanine  to  NA  adenine,  the  absence  or  inertness  of 
purine  oxidase,  eto.  testify  to  the  fact  that  the  collection  of 
enzymes  taking  part  in  the  biosynthesis  of  nucleotides  and  nucleio 
adds  in  the  objeot  studied  by  us  is  more  limited  in  comparison  with 
a  number  of  other  microorganisms:  E.  ©oil,  S,  typhi,  L«  easel,  eto. 

Burrows  £z£  considers  independence  on  supply  of  exogenous 
purines  as  one  of  thr  faotora  of  plague  microbe  virulence. 
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The  faot  that  the  plague  microbe  prefers  to  utilize  exogenous 
purines,  and  not  the  intracellular  background  of  their  precursors, 
testifies  that  exogenous  purines  may  play  an  important  role  in  the 
physiology  of  the  plague  microbe. 

If  the  mechanism  of  assimilation  of  exogenous  purines  in  colls 
of  the  plague  microbe  is  analogous  to  the  mechanism  established  for 
oell-less  systems  /§,  13,  14 7,  then  in  cells  of  the  plague  microbe 
there  should  be  a  nigh  degree  of  activity  of  the  corresponding 
pyrophosphorylases .  However,  it  is  not  excluded  that  in  an  intact 
microbial  cell  other  meohanisras  of  assimilation  of  exogenous  purines 
any  exist. 

In  studying  tho  assimilation  of  purine  nucleotides  it  la  neces¬ 
sary  to  consider  the  presenoe  of  the  intracellular  background  of 
these  compounds  ^15,  167,  and  also  the  fact  that  not  all  exogenous 
substances  can  ponetraTe  through  the  cell  membranes. 

Differences  in  the  incorporation  of  AMP  and  ATP  in  RNA  and  DNA 
are  apparently  explained  by  their  different  capacity  to  convert 
into  droxyribonuoleotides. 

Conclusions  ; 

%i  The  plague  microbe  (EV  strain),  in  spite  of  the  capacity 
to  synthesize  purines  de  novo  and  the  presence  in  the  cells  of  a 
background  of  precursors  of  Furines  of  nucleic  acids,  readily  in¬ 
corporates  exogenous  purines  into  the  polynucleotides;  these  are 
adenine,  guanine,  hypoxanthine,  and  xanthine.  All  or  almost  all 
the  adenine  of  freshly  synthesized  nucleic  acids  is  formed  from 
exogenous  adenine.  Exogenous  xanthine  may  be  the  main  source  of 
guanine  of  nucleic  acids. 

2U  The  plague  microbe  does  not  possess  the  capacity  to  con¬ 
vert  exogenous  adenine  to  guanine  and  weakly  convorts  exogenous 
guanine  to  adenine  of  polynucleotides. 

We  express  our  gratitude  to  M.  L.  Bekker  for  valuable  advice 
and  discussion  of  materials. 
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